After the discovery of sulfanilamide and antibiotics, the treatment of infectious lesions caused by some pathogenic bacteria has made rapid progress. Through their extensive use, however, the invaluable antimicrobial agents have created certain difficulties of their own, i.e., the emergence of resistant strains of bacteria.
Many studies have shown that the occurrence of multiple resistance in staphylococci, shigellae, and mycobacteria has introduced serious problems. Drug-resistant streptococci and pneumococci have not been encountered often. Many of the studies have revealed the features of resistance and cross-resistance patterns of the so-called "epidemic strains" of staphylococci. The multiply resistant staphylococci, which are confined to some specific phage type, have been isolated in the greatest percentage, and the degree of resistance of these strains to certain drugs is extremely high. This paper deals with the transduction of tetracycline (TC) resistance in the presence of phage lysates of multiply resistant staphylococci; the epidemic spread of drug resistance by staphylococcal prophage will be discussed.
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MATERIALS AND METHODS
Bacterial strains. Strains used were 113 coagulase-positive Staphylococcus aureus, isolated from clinical sources, and 21 propagating strains of typing phages of the International Typing Series. Fifteen strains of S. aureus (Table 1) , resistant to TC, streptomycin (SM), penicillin (PC), and sulfanilamide (SA), were selected at random from the stock culture of the present authors and used as the donor of TC resistance.
Media. Nutrient broth and nutrient agar media were used routinely for the propagation of bacteria. The nutrient broth medium consisted of 1% beef extract, 1% peptone, and 0.3% NaCl; the pH was adjusted to 7.2. Nutrient broth plus 1.5% agar was used as the solid medium. Heart Infusion (HI) agar (Difco) was used for the preparation of phage lysates from the donor strains and for the selective medium in transduction. The HI plate was also used for the determination of phage type and of drug resistance. Staphylococcal strains used were stocked in cooked meat medium (Difco). Mueller Hinton agar (Difco) was used for the determination of SA resistance.
Determination of drug resistance. All bacterial suspensions were prepared in nutrient broth and grown in stationary culture for 18 hr at 37 C. Each culture was spotted onto HI agar plates, containing serial twofold dilutions of each drug. Swanstrom and Adams (1951) , with the use of the strain of S. aureus from which the highest (PFT) was obtained. A lysate from S. aureus MS27 showed the highest (PFT) when S. aureus MS353, a strain from our stock culture, was used as the indicator strain. This strain was selected from more than 100 of the stock cultures and 21 propagating strains.
Transduction. The strains of S. aureus isolated from clinical sources were used as the recipients of TC resistance. An overnight culture of the recipient organisms in HI broth was diluted 100 times with fresh HI broth and aerated on a shaking machine at 37 C. After 4 hr of incubation, 0.5 ml of the recipient culture was mixed with an equal volume of phage lysate of the donor strain. After 60 min of incubation at 37 C, 0.1 ml of an appropriately diluted mixture was spread onto a HI agar plate containing TC (25,ug/ml). After incubation for 48 hr, the colonies developing on the selective plate were touched with a straight needle and subjected to two successive single-colony isolations. Their drug resistance and phage type were then determined. As controls in the transduction experiment, sterility tests of the phage lysate and mutation tests of the recipient organisms were conducted in every experiment in the absence of the transducing phage. Lysogenization. A phage lysate was obtained by ultraviolet irradiation of a strain of staphylococcus which was considered to be lysogenized. This lysate was spotted on the surface of agar plates which were previously spread with the parent strain of staphylococcus. The plates were incubated for 20 hr at 30 C. A strain was assumed to have been lysogenized when (i) the strain showed an altered phage pattern, and (ii) the phage lysate lysed the parent strain. (Fig. 1) .
RESULTS

Transduction
The PFT of the lysate from MS27 reached more than 108 per milliliter after 15 to 45 sec of ultraviolet irradiation. As can be seen in Fig. 1 (Table 5 ). The occurrence of joint transduction of TC and SM resistance, even at the multiplicities of infection of 10-2, suggests the closeness in location of the genetic loci governing both TC and SM resistance. Change of phage pattern after transduction. Most of the transductants showed phage type patterns identical to those of the parent recipient strains (Table 2) . However, a variety of changes was observed in the resulting phage patterns after transduction, e.g., a change to group 0 (nontypable) and a partial alteration from the parent strain. Three strains of S. aureus, MS353 52/52A/ 80/81, MS48 29/52/52A/79, and MS42 52/52A, were used as the recipients of TC resistance, and the change of their phage patterns after transduction was examined. S. aureus MS27 (TC.SM.SA.PC)r 80/81 was used as a donor of TC resistance (Table 6 ). When S. aureus MS353 was used as a recipient, 20% of the variants were of altered phage type, a change from 52/52A/ 80/81 to 80/81; and 80% of the transductants showed phage patterns identical to the parent strains even after transduction of TC resistance. (Mitsuhashi, 1962) . The greatest percentage of cross-resistance found was TC.SM.PC.SA (23.8%), followed by PC.SA (18.5%), TC.PC.SA (14%), and SM.PC.SA (7.7%; Mitsuhashi, 1962) . Since the appearance of the first report of an extensive staphylococcal outbreak in Australia in 1953 (Rountree, 1956 ), many epidemics due to staphylococci of phage type 80, occurring in maternity and surgical wards, have been recorded in Canada, Great Britain, the United States, and also in Japan (Ishihara, Tanaka, and Tajima, 1959; Mitsuhashi, 1962) . These surveys disclosed that the most striking feature of the staphylococci was the predominance of multiple resistance and of specifically confined phage type.
It was noted that the degree of resistance to each drug was extremely high in the staphylococcal strains with multiple resistance (Mitsuhashi, 1962; Mitsuhashi, Hashimoto, and Egawa, in preparation) .
To (Mitsuhashi, unpublished data) . This fact suggests that mutation and selection are not solely responsible for the multiple resistance of staphylococci and for their epidemic spread.
In the study of epidemic spread of multiply resistant shigellae, it was found that multiple resistance (resistance to TC.CM.SM.SA) was transmitted between shigellae and Escherichia coli by mixed cultivation (Ochiai et al., 1959; Akiba et al., 1960) . This transmissible drugresistance factor is transmitted among the strains of the family Enterobacteriaceae and is mediated not by transduction or transformation but by conjugation (Mitsuhashi, Harada, and Hashimoto, 1960) . As a result of the successful artificial elimination of the transmissible drug-resistance factor by treatment with acriflavine (Mitsuhashi, Harada, and Kameda, 1961b) , the term "R" (resistance) was proposed for this transmissible drug-resistance factor (Mitsuhashi, 1960) . This term is analogous to the term "F" for the sex factor of E. coli (Lederberg, Cavalli, and Lederberg, 1952) . Thus, the epidemic spread of multiple resistance by strains of shigellae is accounted for by the existence of the transmissible drug-resistance factor, R. It was reported by the present authors that, in staphylococci, the capacity to produce penicillinase and the resistance to macrolide antibiotics, i.e., erythromycin, oleandomycin, leucomycin, and spiramycin, are controlled by a genetic element which exists extrachromosomally (Mitsuhashi et al., 1963; Hashimoto, Kono, and Mitsuhashi, 1964) . Furthermore, the determinants of penicillinase production and of resistance to macrolide antibiotics are jointly transduced with a phage lysate obtained from multiply resistant staphylococci (Mitsuhashi et al., 1965) . It was also independently described that the determinant of penicillinase production in staphylococci is controlled by a cytoplasmic element (Novick, 1963; Harmon and Baldwin, 1964) . The fact that the characters of staphylococcal drug resistance are controlled by genetic traits located both on the chromosome and on a plasmid (or episome) should be considered in any explanation of the epidemic features of staphylococcal drug-resistance and phage-typing patterns.
It is known that almost all of the staphylococcal strains are lysogenic. Many studies concerned with staphylococcal phage typing have generally assumed that at least some of the differences between strains belonging to the same phage group but displaying different phage patterns are due to the presence in these strains of prophages which confer immunity to homologous and related phages. It has been recorded by many research workers that staphylococcal strains are altered in their phage sensitivity after artificial lysogenization (Lowbury and Hood, 1953; Rountree, 1956 Rountree, , 1959 Asheshov and Rippon, 1959; Sakuri et al., 1961; Blair and Carr, 1961) .
Transduction in S. aureus was first reported by Ritz and Baldwin (1961) , who demonstrated that several phages of the International Typing Series were capable of transducing the capacity to produce penicillinase among a number of these strains. Morse (1959) transduced resistance to streptomycin and novobiocin in S. aureus with an ultraviolet-inducible mutant of typing phage 53. It was also described that phages 80, 29, 52A, 79, and 53 of the International Typing Series were capable of transducing resistance to chlortetracycline and novobiocin and the capacity to produce penicillinase (Pattee and Baldwin, 1961) .
It was demonstrated by the present authors that resistance of S. aureus, obtained from clinical sources, to tetracycline is transduced with phage 80 (Mitsuhashi et al., 1961c) , and with phage 80 and 81 (Niwa et al., 1962) . It was also found by the present authors (Mitsuhashi VOL. 89, 1965 on October 2, 2017 by guest http://jb.asm.org/ Downloaded from et al., 1962, 1963, 1965) Mitsuhashi et al., 1965) . Pattee and Baldwin (1962) reported that resistance to erythromycin and oleandomycin were transduced with phages 29, 52A, 78, 80, and 53 of the International Typing Series, which were employed as transducing phages.
The transduction of bacterial characters by bacteriophage particles is of two types, specialized (Morse, Lederberg, and Lederberg, 1956a,b; Arber, Kellenberger, and Wigle, 1957) and general (Zinder and Lederberg, 1952; Lennox, 1955; Jacob, 1955) . In general transduction, the transductants with P1 in a single infection are generally sensitive to P1 (Adams and Luria, 1958) . This indicates the absence or nondetectable existence of small portions of the P1 genome in the tranducing particles, although a special case of transduction, i.e., an active transducing phage P1 CM produced by combination with an R factor, has been reported (Kondo and Mitsuhashi, 1964) . In an analogy to these facts, the functioning of the TC transducing particle, described in the present article, can be interpreted as belonging to the category of general transduction. Transduction can be accomplished by a phage grown on the donor strain by a lytic cycle, and the transductants at low multiplicity of infection are generally sensitive to the transducing phage.
It is proposed that transduction and lysogenization by phages and the selection of these strains through extensive use of therapeutic agents are responsible for the wide distribution of multiply resistant staphylococci of restricted phage-typing patterns.
